One of the problems of great practical interest in geotechnical engineering is the size effect, that is a dependence of the mechanical behavior of the material on the specimen size for geometrical similar specimens. The purpose of this two-part article, is first to present the experimental investigation on cylindrical grouted sand specimens in compression over a scale range (1:3) carried out to evaluate the variation of compressive strength by varying specimen size, and then to elaborate with modeling of the experimental data by using two proposed models (Carpinteri's Multifractal Scaling Law, MFSL and Bazant's Size Effect Law, SEL) for predicting the material strength reduction with specimen size increase. Part I presents the experimental data coming from a series of laboratory unconfined compression tests on grouted sand specimens in order to investigate the size effect phenomena in materials used in cement grouting technique. The observed effect of specimen size for diameters of 72 mm or greater shows a pronounced strength reduction as the specimen diameter increases. In Part II the fitting of the experimental data will be accomplished by means of MFSL and SEL and the comparison between these two theories will be discussed.
INTRODUCTION
Improvement of the engineering properties of soil or rock mass by cement grouting is recognized as a viable soil improvement technique for many applications in geotechnical engineering practice. Applications
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Vol. 15, No. 3, 2004 Size Effect in Compressive Strength of Grouted Sand Part I: Experiments for which cement grouting is currently being used include stabilization and strengthening of surflcial slopes, reducing the ingress of water to underground facilities or the leakage through a dam foundation and improving soil resistance to erosion by wind and water. A potentially important issue that has received little attention in research performed to date is that of the appropriate specimen size needed for the reliable measure of the true "mass" behavior of grouted soils /!/. The size effect phenomenon is a subject of increasing interest due to the fact that the current applications in modern technology involve a variety of length scales ranging from nanometers (dislocation) and micrometers (slip bands) to centimeters (joints) and kilometers (faults, avalanches) 121. Size effects description ensures the validity of the transfer of experimental results from small scale tests to the full scale situation. In the present work, we discuss the results of a series of laboratory compressive strength tests performed on grouted sand specimens to evaluate how the size of specimens used affects the measured strength /3,4/.
In the present series of experiments five groups of different diameter cylindrical specimens were tested.
The ratio of diameter to length for all specimens was kept constant in order to retain geometric similarity.
Each group comprised of 4 specimens. The results of these tests indicate that there is size influence on the mechanical properties of grouted sand. Particularly, compressive strength showed a pronounced decrease with the specimen size and a slight reduction towards an asymptotically constant strength value was obtained.
The modulus of elasticity determined by stress-strain curves appeared to remain constant. Nowadays, there are several proposed models for predicting the material strength reduction with specimen size increase (for example Multifractal Scaling Law, MFSL and Size Effect Law, SEL) 15,61. In Part II these two Laws will be used in order to model the present experimental data.
MATERIALS AND EXPERIMENTAL PROCEDURE

Materials
During the present uniaxial compression tests, siliceous sand from the Axios river near Thessaloniki was Table 1 .
Bentonite used was natural clay formed by 70 to 90 percent of clay mineral sodium montmorillonite. It has a high affinity for water and swells up to 15 times its dry bulk volume. Due to this ability bentonite was used in grouting tests as a volume stabilizer. The amount of bentonite added in grouts was 2% w/cw (weight per cement weight). Its index properties are summarized in Table 2 . Table 2 Index properties of bentonite
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Item Standard
Liquid limit, LL(%) ASTM D4318 465
Plasticity index, PI(%) ASTM D4318 424
Specific gravity, GS ASTM D854 277
Silt (2-74μηι) (%) ASTM D422 22
Cation Exchange Capacity (CEC) (meq/100g) -
88
Laboratory procedure:
The experimental set up used for the injections was constructed according to ASTM D 4320-93 specifications and comprised a mixing tank with a high speed rotating stirrer, air operated double diaphragm pump and air compressor. Furthermore, the test apparatus had manometers and flowmeter to control grouting pressure and flow, and pipes to ensure connections between equipment (Figs. 1, 2 
Size Effect in Compressive Strength of Grouted Sand Part I: Experiments
During the laboratory investigation 20 permeation groutings were performed on five groups of cylindrical specimens filled with sand including 72mm, 91mm, 122mm, 160mm and 200mm specimens diameter. Each group comprised 4 specimens. The ratio of diameter to length for all specimens was kept constant and equal to 2 in order to retain geometric similarity (Fig. 3) . Cement-bentonite grouts had a water to cement ratio of 0.66. They were prepared in batches of 10 It and mixed for 5 min at least. Injection tests were carried out with low pressure, about lOOKPa due to the fact that grouts exhibited good fluidity and satisfactory penetrability through the pores of the sand. Flow rate was 0.1 It/sec. Injection was stopped, when the excess grout equivalent to 120% of the sand pore volume had passed through the sample. The grouted specimens were left in the molds for a day and then demolded, sealed in plastic bags and stored in a 100% relative humidity curing room, until the time of testing. Compression tests were carried out by using a VERSA type testing machine, with crosshead speed control to measure and record the force applied and the longitudinal strain with both strain gages and extensometer. Also, the specimen size effect on the strength parameters of pure grout was investigated and the results are compared with those of the grouted sand specimens.
RESULTS AND DISCUSSION
For the grouted sand specimens, the variation of the compressive strength and of the modulus of elasticity 
Table 3
Grouted sand -Experimental data of compressive strength for various specimen diameters. Table 4 Grouted sand -Experimental data of modulus of elasticity for various specimen diameters. A compressive strength reduction was observed towards an asymptotically constant value. Previous investigations had shown that smaller size specimens were more durable than specimens of higher diameter and that is in accordance with the present experimental results. Modulus of elasticity (E) determined by stress-strain curves appeared to be affected in a similar way. As the specimen diameter was increased, the values of Ε were also decreased, tending to reach a constant. Higher diameter specimens appeared to have values lower but very close to those of smaller diameter specimens. In spite of the special precautions that were taken in order to produce duplicate specimens, some variability in peak compressive strength values and stress-strain response was observed for all size specimens. It is not surprising that the variability of strength parameters of grouted specimens decreases when the size increases; larger specimens have a larger fracture area, which tends to normalize any local variations in the cement content. This observation is supported by the failure modes occurring when testing specimens of different sizes. Tables 5 and 6 indicate the experimental data of compressive strength and modulus of elasticity (E), respectively, for the five groups of pure grout specimens. In Figures 6 and 7 the compressive strength and the modulus of elasticity versus the specimen diameter of pure grout are depicted. Although this material is more homogeneous than grouted sand, they both tend to react in a similar way. In contrast with the grouted sand specimens, a slight variability in compressive strength and Ε values was obtained due to the massive structure of the material.
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Table 5
Grout -Experimental data of compressive strength for various specimen diameters. Table 6 Grout -Experimental data of modulus of elasticity for various specimen diameters. In Figures 8 and 9 , the modes of failure in grout and grouted sand specimens are shown. The typical failure mode is the axial splitting. This is more evident in the pure grout specimens where the main crack is oriented clearly parallel to the load direction. grout grouted sand 
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